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The Fundamental

Principles of Heat Exchange
Also, why an understanding of the cooling

process is so important.
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Diagram 1: Heat exchange diagram.

1 e An animal’s health is highly
dependent on keeping its internal
body temperature within a
safe range. In the dog this is
approximately 38.5°C.

2. Hyperthermia (overheating) occurs
when Greyhounds race, due to
the heat generated by muscular
contraction.

04

Convective air flow
will assist heat loss

or ‘wind still’ conditions

! will impair heat loss

AN
Evaporative
heat loss by
panting

T

Core body temperature

Reflected radiant heat
from ground surfaces

3. The degree of hyperthermia depends
on the duration and intensity of the
exercise activity, i.e. race distance
and effort. Greyhound temperatures
after racing on a normal day are
generally around 41.0°C. When
dogs race in hot/humid conditions,
body temperature can be much
higher, and levels of 43.0°C have
been recorded.
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4. This post-exercise hyperthermia
must be balanced by the transfer
of heat to the environment. The
effectiveness of the body’s heat
transfer mechanisms depends on
environmental conditions such as air
temperature, radiant heat, air speed
and humidity levels.

5. Heat is transferred around the
body by the circulation and also
flows through the tissues along
temperature gradients from high
to low. The body core, where heat
from exercise accumulates, is at the
highest temperature level and the
skin surface at the lowest. Once heat
reaches the skin surface it transfers
across to the atmosphere by ‘dry
heat loss’, which is dependent upon
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the temperature difference between
the skin surface and the air. If the air
is cooler than the skin, heat will be
lost, but if the air is hotter than the
skin, heat will be gained by the body.
Thus, on very hot days when radiant
heat levels are high, dogs can be at
risk of heat illness because of the
additional heat load acquired.

Once air temperature exceeds
skin temperature, (>35°C), dry
heat loss can no longer take place
and evaporative heat loss must
take over the main role. In horses
and humans, this is achieved by
sweating, which not only requires
the production of sweat but also
environmental conditions that
allow that sweat to be vaporised.



Without the latter, cooling is
impaired. In dogs, panting is the
evaporative heat loss mechanism.
The fluid for vaporisation, similar to
sweat, is provided by glands in the
nose. As with horses and humans,
environmental conditions must
allow the vaporisation of that fluid,
otherwise cooling will be impaired.
It has been shown that high levels of
humidity and ‘wind still’ conditions
hinder evaporative heat loss, whether
it be sweat or respiratory secretions.

This means that extremes of hot
weather and humidity can have
adverse effects on the ability of the
dog to cool naturally. The racing
Greyhound relies on trainers

and handlers to recognise when
environmental conditions are adverse
and to know how best to assist in
the cooling process. Heat moves
naturally from a hot area to a cold
area, so the key is to provide a cold
medium such as water to which heat
can transfer, and then be discarded,
thus cooling the body.

Whatever the animal species, experts
in the field of exercise physiology
maintain that strenuous exercise

in extremes of heat and humidity

is the most serious challenge to
thermoregulation and the health

of the animal.

The racing
Greyhound relies
on trainers and
handlers to
recognise when
environmental
conditions are
adverse and to
know how best
to assist in the
cooling process.
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The majority of heat loss after racing is
achieved by panting which is extremely
efficient in most environmental
conditions. The pattern of breathing

However, when
there are high
levels of heat
and humidity
the efficiency

of panting may

be impaired and
assisted cooling
will be required.

COOLING TECHNIQUES FOR RACING GREYHOUNDS

THERMOREGULATORY
RECOVERY IN GREYHOUND
DOGS AFTER RACING
PRIMARILY BY PANTING

In the immediate post-race period, the
Greyhound has a very high respiratory
rate, breathing in and out through the
wide-open mouth.

The tongue assumes the central role
in thermoregulation: it becomes

large, often curled at the tip, and may
drip with secretions. Water for the
evaporation process is provided by the
paired lateral nasal glands.

changes, air is moved in and out through
the open mouth and this is maintained
until adequate cooling is achieved.




The Concept of ‘Thermal Windows'’

‘Thermal windows’ can help explain where heat
transfer to & from the environment takes place.

Toucan

‘Thermal windows’ are specific body Jackrabbits
surface locations which contain a high K"
concentration of near-to-surface blood
vessels. These are capable of opening or
closing and in doing so determine the
volume of blood and rate of flow to that
area and are especially adapted for heat
dissipation to the environment.

Infrared thermography has been used
to identify the location of ‘thermal
windows’ in different species by
detecting areas of increased heat. @
For instance, ‘thermal windows’ exist

in the ears of jackrabbits (1), the tails

of rodents, the toucan’s bill (2), and in e
elephant’s ears (3). In humans (4), heat
exchange surfaces are concentrated in
the palms of the hands, the soles of the
feet, the ears, and hairless regions of
the face. In thoroughbred racehorses
(5), the entire skin surface serves as a

‘thermal window’ and is available for
heat transfer.

16 18T
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Recognition of
‘Thermal Windows' for Dogs
Red areas actively participate in heat exchange.

In dogs, researchers used infrared thermography to measure changes in body surface temperature
associated with treadmill exercise. The red areas were designated ‘thermal windows’ and to
actively participate in heat exchange, the blue/green areas to a much lesser extent.

This is a thermogram of a beagle after
strenuous treadmill exercise. Note there
are certain ‘hot spots’ shown in red:

the head and upper neck, the ears, the
lower parts of the limbs and paws, the
chest area just behind the elbows, and
the groin, which is hidden from view.

It is important to note that the back,
shoulder, majority of the chest, and
loins are blue/green, which means that
little heat is transferred from the body
to the environment in these areas.

Diagram 2: A thermogram of a Beagle after exercise.

The most important parts to cool are shown in red.

a Greyhound: as in the thermogram above, the most important parts
to cool are shown in red. Heat naturally moves down a temperature
gradient, from a hot area to a cooler area, and by applying water to
the skin surface we provide that gradient. Heat moves from
the hot skin into the water, which is
then discarded to the ground.

The blue area represents the
—tongue and lungs, which
participate in evaporative heat
loss, a different type of cooling,
in which heat-laden moist air
from the respiratory tract
carries heat from inside the
body out into the air.

The numbers on the
diagram show, in order
of priority, the areas to
cool after racing in hot
conditions.
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Steps to help cool your Greyhound

Establishing an order of priority for cooling
your Greyhound is essential to its recovery.

When there are heat extremes, assisted
cooling by hosing after strenuous exercise
needs to be concentrated on the areas
identified as ‘Thermal Windows’.

I FIRST PROVIDE A DRINK

LT

This should be continuously available during the cooling process.

3 HOSE CHEST AREA

%

The inguinal area is important target for cooling because it has
large arteries which carry heat from the core of the body to the
skin surface.

HOSE THE FEET & LOWER LIMBS

It is important to spend some
time cooling the feet and to
spray water between the toes for
maximum benefit.

Dogs do not have sweat glands
in their feet, but they do have
specialized vascular structures for
heat transfer, where the arteries
and veins run intermingled

with each other, forming a
counter-current heat exchange
mechanism. Again, it is easy to

~ see the very red skin of white
dogs’ legs after racing, indicating
high levels of blood flow.

Heat will be transferred efficiently from the
skin surface of these areas to the colder
water, which is then removed by further
hosing and discarded to the ground.

WATER OVER FACE

4 T

Water should be drizzled over the head and neck of the dog.

4 HOSE GROIN AREA

ot

This is considered very important and if your dog is extremely
distressed you could start at this point first. In white dogs it is
very easy to see the pink discolouration but in other coloured
dogs it is far more difficult to visualize the area.

HOSE FROM SHOULDER
TO HIP BELOW THE LINE

Concentrate your cooling
below an imaginary line from
shoulder to hip joint

THE WHY AND HOW OF



NATURAL STATE

In their natural state, when dogs get
hot after exercising, they find water
and immerse themselves to the
demarcation line as described, from
shoulder to hip joint.

This covers all the relevant thermal
windows, except for the head and neck.
An immersion tank is provided at most
racetracks and achieves the same result.
Immerse your dog for 2 to 3 minutes
until its panting decreases. Then walk,
and perhaps hose again.

An immersion tank is the best method
for cooling your dog, because it covers all
the most important ‘thermal windows'.

| An ideal form of cooling is
the use of an immersion tank

P'. _
IMMERSION ’. « because, as can be seen from
TANK FOR ' ¥ the earlier diagram, all the
BEST RESULTS _"‘ hot spots for heat exchange

are immersed.

USE AN

Moving the water around
in the tub increases the
conductive heat exchange
between the water and skin.

Dogs lose heat very quickly
in immersion tubs, but the
water needs to be cool,

B3 probably between 10° and
16°C. The dog should be left
@ in the tub until the rate and
effort of panting decreases.
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Time taken to cool a dog is important.

On warm/hot humid days cooling should be continued
until panting eases, and dogs should not be returned to
their kennels until this is achieved. If you are concerned
about your dog's recovery rate, please see your OTV.

O®@®

For more information visit
gwic@.nsw.gov.au
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